Introduction
Interleukin-10 (IL-10) is part of a balanced network of immunoregulatory cytokines. 1 The ability of IL-10 to block the activation of cytokine synthesis and several accessory cell functions renders this cytokine a potent suppressor of the effector functions of monocytes/ macrophages, T cells and NK cells. TNF-a and IFN-g are two cytokines affected by IL-10 expression. In addition, IL-10 contributes to the regulation of proliferation and differentiation of B cells.
IL-10 is involved in the regulation of inflammatory reponses, in the pathology of human autoimmune diseases and transplantation complications. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] IL-10 also plays a key role in the development of infectious diseases, like Plasmodium falciparum malaria or Epstein-Barr virusassociated tumors. 15, 16, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] The ability of IL-10 to induce T cell anergy and to downregulate MHC class II expression may be important also in its apparent contribution to tumor-related immunosuppression. 33, 34 Assessments of the balance of cytokines such as IL-10 and TNF are much more informative and play a more critical role as suspected so far, when for example analysed in infectious disease. 35 Genetic factors play an important part in the aetiopathogenesis of autoimmune and infectious disease as well as tumour development. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] 32 An important observation is that there is individual variation in the production of certain cytokines. There can be more than 10-fold differences between the highest and the lowest cytokine production upon stimulation in vitro depending on the cytokine analysed. Within the network of cytokines are a number of possible control points regulating the expression. There is already evidence that cytokine synthesis may depend on transcriptional regulation of the gene and that polymorphic elements within the promoter or introns influence this step of cytokine expression. For example, in recent studies striking evidence for differences between individuals in their ability to produce IL-10 was demonstrated. 36, 37 This was shown to be attributable to the structure of the IL-10 gene locus, as defined by haplotypes containing alleles from the two microsatellite loci as well as single-nucleotide polymorphisms in the proximal IL-10 promotor. 8, 36, 38, 39 Similiar results were described for TNF-a or IFN-g. [40] [41] [42] The analysis of short tandem repeat (STR) loci by PCR methods has proved to be informative for a variety of applications. 43, 44 Dinucleotide repeat loci, as for example (CA) N as found in several cytokine loci, are very abundant and are routinely used as markers in linkage studies and for building genetic maps. Recent characterization of the 5 0 -flanking region of the IL-10 gene has demonstrated the presence of positive and negative regulatory segments of the promoter. [45] [46] [47] [48] [49] [50] In addition, the definition of two dinucleotide tandem repeat elements immediately upstream of the gene as well as a number of single-nucleotide polymorphisms (SNP) have shown that there is considerable polymorphism directly associated with the human IL-10 gene. [37] [38] [39] [51] [52] [53] [54] [55] [56] Many polymorphic elements have been defined within the TNF gene. The gene coding for TNF is found within the MHC class III region in the TNF gene cluster, which also includes two lymphotoxin genes (LTA and LTB) and the human B144 homologue Lst-1. The TNF locus is 12 kilobases (kb) in length and contains several polymorphic areas, where the TNFa microsatellite has the highest degree of variaton and has been described intensively in many populations (for further details see Kwiathowski 57 and Gallagher et al 58 ) . Recently a dinucleotide repeat within an intron of the IFN-g gene related to the in vitro capacity to express this cytokine was described. 40 Thus, a simple method to analyse DNA-sequence variations within the IL-10 gene is important not only for answering scientific questions but also for routine typing of alleles in corresponding disease groups. In order to define the allele structure of the 5 0 -flanking region of the IL-10 gene, a one-tube PCR reaction was created including STRs for TNF and IFN-g gene loci. The practicability of this assay was tested by investigating populations from Europe (Germany, Stuttgart) and Africa (Gabon, Lambarene).
Results and discussion
Semiautomated multiplex analysis of DNA-sequence variations of IL-10, TNF and IFN-c A polymerase chain reaction with sequence-specific primers (PCR-SSP) using primers with corresponding allele mismatches at the 3 0 -ends was developed to determine polymorphisms in the IL-10 promoter region. 62 Seven previously described biallelic SNP polymorphisms, one insertion/deletion polymorphism (À7400INDEL) and two short tandem repeats were analysed within a single PCR reaction. 38, 39, 51, 54, 56 The IL-10.G and IL-10.R microsatellites, 7400INDEL fragment length and the 3 0 -mismatched sequence-specific primerbased amplimers for SNPs were analysed after fragment length detection according to the fluorescent label of the corresponding primers. The electropherograms generated from the processed gel images were in addition manually assessed for accurate size determination and the quality control of data peaks. In further analysis, samples yielding main peaks with relative fluorescence signals between 300 and 4000 units were included.
This method of mulitplex analysis of DNA-sequence variations within the 5 0 -flanking region of IL-10 is based on our previously described assay to analyse microsatellites within the IL-10 promoter. 60 Owing to growing numbers of reports demonstrating that IL-10 expression is regulated in balance with TNF-a or other key cytokines, the analysis of the TNFa CA-dinucleotide repeats and the IFN-g STR were introduced into this IL-10 mulitplex assay.
The PCR conditions were optimized using a cloned fragment of the 5 0 -flanking region of the IL-10 gene: however, a standard set of well-characterized genomic DNAs were used for the majority of amplifications also due to TNF and IFN-g microsatellites not represented on the cloned fragment of the IL-10 gene. 45, 56 According to oligonucleotide restricted efficiencies in amplification, the primer combinations and their concentrations had to be equalized in order to generate amplimers with comparable signal intensities. It has to be taken into account that (i) the intensities of the FAM-, HEX-and NED-associated fluorescence are physically different, (ii) the efficiency of PCR primers differs substantially, (iii) the labelling efficiency of oligonucleotides with fluorescent dyes is not 100% and equal in every case, (iv) the used PCR machine and (v) the quality of the DNA contribute to differences in signal intensity and signal quality. To the end the concentrations of oligonucleotides used in the presented experiments are listed in Table 6 : the most stable primer combination used includes SNP IL-10 À6752A/T, the SNP IL-10 À5402C/G, the IFN-g CA-dinucleotide repeat, the IL-10.G CA-dinucleotide repeat, the 7400INDEL polymorphism, the IL-10.R CAdinucleotide repeat, the SNP IL-10 À2744A/T, the SNP IL-10 À579A/C and the SNPs IL-10 À3538A/T, IL-10 À6208C/G as well as the TNFa CA-dinucleotide repeat and the SNP IL-10 -1354A/G. The PCR machines used are Biometra (UNOII with a 48-well silver block) (highly recommended) and the MJ-Research (PTC100 with a 96-well block) which is suitable. Sometimes the amplimers for IL-10 À5402 and IL-10 À1354 gave very intensive peaks not acceptable for analysis. In this case, the PCR was repeated using slightly reduced concentrations of these primers. To verify reproducibility of the multiplex PCR over 50% of all analysed samples from Germany were amplified two times, some of the samples were analysed three or more times and gave the same results for allele distribution. In about 10% of the samples, one or more loci were not interpretable associated with differences in DNA quality between the samples. An enhanced amount of DNA added to the multiplex PCR often solved such difficulties.
In Figure 1 , typical examples of this multiplex PCR are shown. The signal at 98 bp represents the SNP IL-10 À6752A/T (blue for A (FAM-labelled primer), green for T (HEX-labelled primer)), at 115 bp the SNP IL-10 À5402C/G (blue for C (FAM-labelled primer), green for G (HEX-labelled primer)). The peaks between 130 and 150 bp in black (computerconverted yellow) represent PCR products generated as a result of the amplification of the IFN-g STR using NED-labelled primers. Afterwards the different fragments characterizing the IL-10.G microsatellite using FAM-labelled primers between 160 and 180 bp followed by the À7400INDEL polymorphism at 181 or 184 bp using NED-labelled primer are shown. Around the 200 bp signal given by the ROX-labelled internal size marker, the green peaks correspond to the IL-10.R amplimers generated by HEX-labelled primer. Figure 1 Representative examples of the electropherograms of the multiplex PCR. Blue-coloured peaks are from PCR products using FAMlabelled primers, green peaks are from PCR products using HEX-labelled primers and black peaks represent amplimers using NED-labelled primers. The red-coloured peaks are the internal, ROX-labelled size standards used in every gel lane (for additional details, see Materials and methods and Tables 1, 2 
and 6).
Analysis of interleukin-10 by PCR D Kube et al primer), green for G (HEX-labelled primer)) and IL-10 À1354A/G (blue for A (FAM-labelled primer), green for G (HEX-labelled primer)), respectively. Finally, the black visualized peaks between 290 and 320 bp represent the amplimers of the TNFa microsatellite. Table 1 summarizes the data for the IL-10 gene locus and Table 2 shows the data for the TNFa and the IFN-g STR as obtained from Figure 1a -d.
Owing to the close overlap of several other SNPs like the IL-10 À1087A/G or IL-10 À824C/T or their localization within an Alu repeat, it was so far difficult to include them into this multiplex assay. However, a parallel multiplex PCR cocktail is under development. To strengthen our analysis of different geographical regions, a separate PCR was performed to analyse the IL-10 -1087A/G SNP.
Overall the fluorescence-based PCR method developed is simple to perform as well as rapid and thus should be applicable for the identification of genetic polymorphisms within the analysed cytokine gene locus. This method gives the opportunity for a complex analysis of DNA-sequence variations in patients suffering from infectious, autoimmune or tumour disease, where IL-10, IFN-g and TNF-a are involved to estimate in the future their risk for fatal outcome of the disease. The PCR is highly reproducible and in addition to the simultaneous amplification of 11 loci this approach may save DNA from study patients.
Investigation of DNA sequence variations in Caucasian (Germany/Stuttgart) and African (Gabon/Lambarene) populations using the multiplex PCR The established multiplex assay was used to analyse allele frequencies and linkage disequilibria of polymorphic elements within the proximal and far distal promoter of the IL-10 gene as well as for the STRs TNFa and IFN-g in Caucasian and African donors.
The following DNA-sequence variations were analysed in both populations: IL-10 À6752A/T, IL-10 À5402C/G, the IL-10.G microsatellite, the À7400INDEL polymorphism, IL-10.R STR, IL-10 À597A/C, IL-10 À6208C/G, IL-10 À3538A/T, IL-10 À1354A/G, the IFNg as well as TNFa microsatellite and in a separate PCR reaction À1087A/G. The IL-10 SNP at -2744 was excluded from this analysis due to its low reproducibility in large-scale analysis, probably asssociated with stronger interference effects within this multiplex assay as compared to other loci. In Tables 3 and 4 , the results of genic or genotypic differentiation are summarized. The analysis of allelic and genotypic distribution of six SNPs and one INDEL polymorphism of the 5'-flanking region of the IL-10 gene locus in an African and European population revealed significant differences between populations for the majority of analysed SNPs, as suggested on the basis of our own observation analysing IL-10.G and IL-10.R microsatellites of the 5 0 -flanking region of IL-10. 60 However, the IL-10 SNPs at À1087 and À6208 showed a similar allelic and genotypic distribution in both populations (Tables 3 and 4 ). The observation that the genic and genotypic differences for the À1087 gene variation are not significant comparing German and Gabonese cohorts is somehow intriguing, because this gene variation is associated strongly with different IL-10 production capacities and such a 'conservation' suggests a central role for this part of the IL-10 promoter under certain conditions. 36, 38, 39 Whether the À6208 gene variation may play a comparable role remains to be analysed in the future.
Genotypic distribution does not deviate significantly from Hardy-Weinberg expectations as found for all loci in both populations (P40.05) except for the SNP À5402 Table 2 Genotype description of the TNFa and IFN-g STR as presented in Figure 1a -d applying the multiplex PCR using the twodigit allele code as described in Materials and methods . The P-value shows the significance of allele frequency differences between the analysed groups; nonsignificant differences are shown in italic.
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Analysis of interleukin-10 by PCR D Kube et al CG (Po0.001 for Europeans; P ¼ 0.02 for Africans), where an excess of homozygous (À5402 CC or GG) individuals was observed. Therefore, why this locus had been excluded from further genetic analysis and it is recommended to exclude this site from mulitplex assay at this stage of development until intensive direct sequencing results gave an answer to this discrepancy. Genotyping of individuals across several loci allows the determination of haplotypes only for individuals that are either homozygous at all loci or heterozygous at only one locus. Considering only individuals that meet this genotypic pattern we studied the allelic linkage disequilibrium among loci in the African and European population. The observed distributions of haplotypes were compared to that assuming a random combination of alleles across loci. First, we considered the linkage disequilibrium between pairs of loci. All combinations of loci pairs showed significant allelic disequilibria in the German population (Po0.05), but no consistent linkage disequilibrium between microsatellites and the remaining polymorphic elements was found in the African population ( Figure 2 ). The analysis of genotypic disequilibrium, however, was not as sensitive with respect to the genetic association between loci as an allelic approach. In both populations, no significant genotypic disequilibrium could be detected between microsatellite loci and the other polymorphic elements in the IL-10 gene. Furthermore, no consistent patterns between pairs of SNPs were found in the African population as described in Figure 2 . Nevertheless, the results suggest that microsatellite variation may have a more recent origin in the European than in the African population, that is, mutations and recombinations between microsatellite loci and the surrounding SNPs have already dissolved specific allelic combinations across loci over generations in the African population.
Recently, four common haplotypes with respect to the four loci IL-10.R, IL-10 À1087A/G, IL-10 À824C/T and IL-10 À597A/C were described. 37 In both populations in our study, the group of the four common haplotypes IL-10.R2/À1087A/À597A, IL-10.R2/ À1087A/À597C, IL-10.R2/À1087G/1597C and IL-10.R3/À1087G/À597C were comparable to that found by Eskdale et al 56, 60 . The P-value shows the significance of genotypic differences between the analysed groups; nonsignificant differences are shown in italic; the two-digit allele code is used for the À7400INDEL polymorphism as described in Material and methods. Assuming Hardy-Weinberg distributions, the expected and observed homo-and heterozygous genotypes show consistent frequencies for the analysed loci in both donor groups, with the exception of -5402; this locus was therefore excluded from further analysis. (Table 5) .
For the first time, the TNFa and IFN-g STRs were analysed in the same African population in parallel to the gene variations of the 5 0 -flanking region IL-10 gene. Assuming Hardy-Weinberg distributions, the expected and observed homo-and heterozygous genotypes show consistent frequencies for the TNF and IFN-g locus in both donor groups.
The DNA sequence of the human IFN-g gene shows the presence of a variable-length CA repeat in the first intron of the gene. We investigated the allele distribution of this microsatellite region in two geographically different populations. Four alleles were observed in our Caucasian group in a comparable distribution as described for an English cohort reported recently (see also Table 6 ). 40 Within the African population analysed here, two additional shorter as well as two new longer alleles were identified. Their frequencies are shown in Table 6 . Obviously, in the African cohort compared to a recently published British cohort the allele number is thus higher than suspected or extrapolated from other loci, corresponding to higher genetic variability in African populations compared to Europeans. Alleles as they were visualized on the polyacrylamide gel as a fluorescent fragment are presented in Figure 1 . Allele 3 is the most commonly observed in our German-Caucasian group and the genotype distribution exhibits a preponderance of heterozygotes and homozygotes containing this allele 3, which corresponds to 12 CA repeats as described by Pravica et al 40 where this allele was called 'allele 2'. 63 In the analysed African population, however, the allele 4 was dominant. In Table 6 , the allele frequencies of three different geographic groups are shown.
The observed distributions for the TNFa microsatellite were also in keeping with those previously reported in other European populations (see also Table 6 ). 58 
Conclusion
A simple three-colour fluorescence assay for the detection of DNA-sequence variations by an automatic sequencer is described. Using this method polymorphisms at several SNP loci and at the IL-10.G and IL-10.R loci of the 5 0 -flanking region of the IL-10 gene as well as STRs from IFN-g and the TNF gene loci were analysed simultaneously in a one-tube PCR reaction, saving both time and DNA. The analysis of two different populations using this multiplex PCR approach reveals significant differences for the analysed loci comparing Caucasians and Africans. These genotypic patterns thus demonstrate geographical polymorphism.
Taking into account that different cytokine genotypes exist in the population, our PCR approach may form the basis for field studies analysing genetic predispositions in the development of infectious or autoimmune diseases, where the balance of cytokine expression may play a central role in defining the disease outcome. IL-10, IFNg and TNF-a are key components in the regulation of immune responses and the balance of their expression levels is predictive in certain diseases. Owing to the important observation that there is individual variation in the production of certain cytokines in relation to their genotypes, an easy method to define their genetic variations is provided. 
Material and methods

DNA samples and isolation of DNAs
All samples were taken with no regard to sex or age, and donors were free of any chronic diseases. The DNA of donors from Stuttgart was isolated from buffy coats obtained from the blood donation centre of Stuttgart, Germany. The DNA from the African population was collected from Lambarene/Gabon as described previously. 56, 59, 60 DNA was purified from 200-ml whole blood using the Qiagen blood kit according to the manufacturer (Qiagen, Hilden, Germany).
PCR, electrophoresis and fragment analysis
The DNA-sequence variations were analysed using fluorescent labelled primers (for details see Table 7 ). For amplification a mixture of all primers at 100 ng/ml each was used (all primers were purchased from Eurogentec, Seraine, Belgium and Applied Biosystems, Perkin-Elmer, Foster City, CA (NED-labelled oligonucleotides) ( Table 6) . 60 In all, 10 ng of genomic DNA was used for genotyping PCR. PCR was performed on a Biometra UNO-II or MJ Research PTC100 thermocycler using Platinum Taq (Gibco-BRL) and the following cycling conditions: 961C 30 s, 641C 20 s, 721C 15 s for 25 cycles and 961C 30 s, 601C 45 s, 721C 20 s for an additional 10 cycles. All PCR reactions were terminated by a final extension step for 60 min at 721C. The sequence oGTT TCT G4 was used at the 5 0 -end of some primers to force the A-tailing typical for Taq-polymerase.
The quality and amount of PCR products was estimated on a 3% Metaphor Agarose (FMC) gel in 0.5 Â TBE using ethidium bromide to visualize DNA and a 100 bp length standard (Gibco BRL, Breda, The Netherlands). The samples were then mixed in the appropriate dilution with a loading buffer containing bromophenol blue (for ABI 377), formamide and a CXRlabelled length standard (Promega, Woods, Madison, USA). The length standard visualized as red signals has a band spacing of 20 bp in the range between 60 and 200 bp and a spacing of 25 bp between 200 and 400 bp. A volume of 1.5 ml of the diluted microsatellite amplimer/loading buffer mixture was analysed on a 4.5% denaturing acrylamide gel as recommended by the manufacturer of the sequencer (ABI 377: Applied Biosystems, PerkinElmer, Foster City, CA, USA) or using the capillary sequencer ABI 310. For the detection of the FAM-labelled (blue colour), HEX-labelled (green colour) and NEDlabelled primers (yellow colour) PCR products the filter set D was used. 60 Data were collected and processed using GENESCAN software according to the manufacturer. The electropherograms generated from the processed gel images were in addition manually assessed for accurate size determination and the estimation of quality of the allelic peaks. In further analysis only samples were included where the intensity of the PCR products gave relative fluorescence units between 300 and 4000 for the main peak.
Analyses of fragment length data were performed with Microsoft Excel, JMP and afterwards by GENEPOP software. 61 The tests for Hardy-Weinberg distribution, intergroup differences of alleles, and genotype frequencies were determined using exact test procedures by GENEPOP software; the two-digit allele code was used to handle alleles and genotypes by the corresponding software: A ¼ 01; C ¼ 02, G ¼ 03; T ¼ 04; for IL-10 À7400INDEL insertion 01; deletion 02; for the STRs 01 corresponds to the shortest observed allele. The polymorphism data reported here have been submitted to EMBO-Bank accession No. X78437.
